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FOREWORD

The development of large horizontal-axis wind turbines, whose primary use is
the powering of electric utility generators, has advanced rapidly in the past
five years. 1In that relatively short time the capacity of experimental wind
power plants has been increased by almost two orders of magnitude, from single
machines producing 100 kilowatts %o a three-unit cluster generating 7.5 mega-
watts. To document the work of many ordanizations and individuals who have
contributed to this progress and to discuss technical and economic issues, a
three-day workshop was conducted by the NASA-Lewis Research Center, under the
sponsorship of the U.S. Department of Energy. More than 300 persons met in
Cleveland to hear technical papers contributed by manufacturers, government
laboratories, electric utilities, and private research organizations.

The technical program of this workshop emphasized recent experience in build-
ing and testing large propeller-type wind turbines, expanding upon the pro-
ceedings of three previous DOE/NASA workshops at which design and analysis
topics werc considered (references below). A total of 41 papers were pre-
sented on the following subjects:

Current and advanced large wind turbine systems

Rotor blade design and manufacture

Electric utility activities

Research and supporting techrology

Meteorological characteristics for design and operation
Wind resource assessments and siting

* * H ¥ * %

A highlight of the workshop was the commemoration of the 40th anniversary of
the historic Smith-Putnam wind turbine project which produced the world's
first megawatt-size wind power plant. Keynote addresses by Messrs. Smith and
Putnam are include in these proceedings, together with descriptions of cita-
tions presented to them and to members of their project team.

The Workshop Committee is pleased to acknowledge the many contributiona of

presenters, session chairmen, and staff members which made possible the suc-
cess cf this conference.

References:

Wind Turbine Structural Dxnamics. NASA Conference Publication 2034, DOE Publie-
cation CONF-771148, 1978,

Large Wind Turbine Design Characteristics and R&D Requirements, NASA Con-
ference Publication 2106, DOE Publication CONF-7904111, 1979.

Wwind Turbine Dynamics, NASA Conference Publication 2185, DOE Publication CONF-
810226, 198,
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VIEWPOINT IN RETROSPECT

Beauchamp £, Smith
President Emeritus, §. Morgan Smith Company
York, Pennsylvania

INTRODUCTION

I was thrilled to receive an invitation to participate in this
DOE/NASA Workshop, just as I was to witness the dedication of the
Mod-0 in 1975, Unfortunately, circumstances have prevented me from
attending this meeting and hearing the many fine papers being
presanted in the technical sessions. 1 deeply regret being unable to
Join my good friend and colleague, Palmer Putnam, and the others who
contributed so much to our project forty years ago.

My disappointment, however, is completely overshadowed by the pride
and happiness I feel on this memorable occasion, It is truly an
honor at this time of my life to receive special recognition from two
of the Nation's most respected organizations: tThe National
Aeronautics and Space Administration and the U.S. Department of
Energy.

When Joe Savino asked me to be a featyred speaker along with Palmer
Putnam, I asked what details I could provide that Put could not
describe better, After all, it was Put who conceived and led the
entire project. My role was to provide the money and other
resources. Joe suggested that I tell this audience why my firm, the
S. Morgan Smith Co., had undertaken the project at such a terrible
time, in the middle of the great depression, and that ! describe some
of the benefits we derived from this experience. He convinced me
that the Workshop attendees would be interested in the project
sponsor's point of view, so I consented to say a few words about how
those experiences look in retrospect--40 years later.

THE VIEW POINT

In 1939 The S. Morgan Smith Company was in the business of
manufacturing water turbines and related machinery for the
hydroelectric industry. By the late 1930's, most of the desirable
sites for hydroelectric plants in the United States had been
developed. As a result, the market for our products was declining.
To make matters worse, the depression postponed the development of
many of those sites which remained.

PRECEDING PAGE BLANK NOT FILMED




There was yet another factor to consider., The 3, Morgan Smith
Company was a family-owned business that enjoyed the respect and
loyalty of its workers, We made every effort to keep our employees
working. This was becoming increasingly difficult to do for the
reasons I just mentioned. So, in the late 30's, we looked for other
areas in which we could utilize our engineering and manufacturing
capabilities.

When Palmer Putnam came to us with his concept of using large wind
turbines in utility networks as supplemental sources of power, we
were interested. There were many small hydroelectric plants in New
England and in other sections of the country. Combining them with
wind turbines seemed to be an excellent way to boost their capacity.
But we were up against some tough competition because the fossil
fuels--coal, oil, and natural gas--were very cheap, and seemingly
forever abundant. Coal-fired electric power plants were being put up
as fast as the demand for electricity increased. The low cost of
coal and o1l together with the absence of pollution control
requirements madc the cost of electricity very low. This fact made
the development of low-cost wind turbines to compete with fossil fuel
plants a real challenge.

Which brings me back to the original question--why did we decide to
fund the Putnam project? The answer is simple: It was purely a
matter of economic survival that led us to take the chance that this
project might lead to a new product line for our company.

Once the commitment was made, we selected Palmer Putnam as the
Project Leader, and we proceeded full speed to design, build, and
test the 1250-kW machine that became known as the Smith-Putnam Wind
Turbine.

I'm not going to discuss our direct experiences with the project in
the period from 1939 to 1946. Putnam's book Power from the Wind
documents those experiences quite thoroughly. Tnstead, I'm going to
focus on the benefits we realized as a result of our participation in
Putnam's concept.

First, we generated work for our company at a time when there was not
much work to be had. We were able to keep most of our workers
employed until World War II brought about an abrupt surge in demand
throughout the economy. Secondly, we received a Tot of good
publicity. After all, no one had ever built a wind turbine of such a
size before. We were the subject of a lot of ridicule too, but the
good publicity far outweighed the bad.

The S. Morgan Smith Company also benefited in other ways.
Development of new capabilities by our engineering staff was an
inmediate plus. The fact that this increased capability was noticed
by others was evidenced by receipt of contracts to work on projects
for which we never before would have considered ourselves qualified.




The long term benefit was an increase in the amount. of engineering
and manufacturing work our company cantracted to perform,

1'd 1ike to give ona example--particularly appropriate at this
time~=of the kind of engineering we were contracted to do as a direct
rasult of our exparience with the wind turbine. In the late 40's and
early 50's, NASA's lLewis Research Center (then 1t was known as the
NACA Flight Propulsion Laboratory) gave The S. Morgan Smith Company
contracts to design, build, install, and put into operation the large
air compressors that still power the 10 x 10 and the 8 x 6 supersonic
wind tunnels at the Center. I firmly believe my company would never
have been asked and would probably never have consented to tackle
these jobs if 1t hadn't been for our experience with the Smith-Putnam
Wind Turbine. There are many other examples of projects we were
asked to execute because of the added capabil’‘y we developed meeting
the demands of our wind turbine project.

Buried in this account somewhere is the message I wish to impart., We
took on a risky project that was beyond our normal engineering
experience because we were forced into it by declining economic
circumstances. We were very lucky. The risk paid off both
jmmediately and in the long term in ways we had never planned., But
as you know, this is not always the case. The message, as I perceive
it, is that risks should be undertaken by a private company (and by
an individual) when the company is healthy instead of when it is in
trouble.

There is a tendency for a healthy company to continue what it is
doing as long as the profits are coming in. Private companies in
this situation tend not to take on new and different projects. 1
suggest that the-time to strike out in new directions is during a
period of strength and profitability. Isn't it possible, for
example, that our domestic auto industry would be doing better today
if in the period from 1973 to 1980 it had put more of its profits
into developing small, reliable, low-cost cars, instead of waiting
until people stopped buying the big cars?

Let's apply this message to the wind turbine business; 1 believe
there is a continuing need for a DOE/NASA research program on wind
energy. But it is also my belief that now is a good time for private
companies to plunge into the development, manufacture, and marketing
of these machines, NASA and the Department of Energy have spent a
good deal of the taxpayer's money to bring wind turbine technology to
the advanced state it is in today. Now is the time for private
industry to take this technology, to develop it further and to
establish a vital, important, and profitable industry.

By taking this risk, many companies may find themsel.es far stronger,
more diversified, and more profitable. I am told and 1 have read
that there are a few companies that have already gone into the
manufacture of wind turbine components, and that they are doing

well. That's great and I wish them continued success.

(92




N

Years ago, 1 provided some comments that are included in Putnam's
book, Power from the Wind., In thase comments I axpressed the hope
that 1 would Tive to sae the wind turbine market devalop. Although
it 1s not yet fully developed, the wind turbine manufacturing
industry and the market for these machines {is already 1in tha carly
stages of formation, I am heartened to sea this forty-year old draam
becoming a reality.

In conclusion, I wish to express my gratitude to the NASA and DOE
officials for the honor bestowed on us at this banquet. You have
made this occasion one of the most rewarding of my 1ife., In
particular, I wish to thank Lou Divone, Ron Thomas and Joe Savino for
many personal kindnesses extended to me. Good luck to all of you in
your efforts to make the wind one of mankind's major sources of power

once again,

Editor's Note: This speec* was delivered on Mr. Smith's behalf by
his grandson, Frank C. Zirnkilton, Jr. The S. Morgan Smith Company
is now the Hydroturbine, Valve, and Nuclear Division of the
Allis-Chalmers Corporation.




WIND POWER: YESTERDAY, TODAY, AND TOMORROW

Palmer C. Putnam
Wind Energy Consultant

INTRODUCTION

Officers of the Department of Energy and the National Aeronautics and
Space Administration, citizens of Cleveland, distinguished members of
this Workshop, and honored guests. Good evening. 1 have no words to
express how honored and happy I am to be here tonight, sharing in
this Workshop with all of you and with my colleagues of 40 years ago,
who were referred to by Beauchamp Smith on the telephone last night
from Seal Harbor, Maine, as "that motley crew of rugged
individualists." What's more, we're all still ambulatory:

Joe Savino has asked me to put togethei a few thoughts on the theme
"Wind Power: Yesterday, Today, and Tomorrow." But, before I make my
few remarks, I must say that the kingpin of this occasion is
Beauchamp Smith. If it hadn't been for his courage and his vision,
we wouldn't be here tonight. But his contribution really goes
farther than that. He is the true prophet of windpower, and I have
to confess that for many years I was the apostate.

Back in the 50's, I had occasion to visit Beauchamp in his home on
other matters, and the conversation came ‘round to windpower. He
astonished me by saying that he expected to live to see windpower
come into its own. I had just finished the last chapter of Power
from the Wind, the book that he had asked me to write. In that
chapter 1 had tried to gauge the future of windpower. The best that
we could do after five years of experiment was to achieve a design
that might possibly generate electricity for about 21 mils per
kilowatt hour in a reference wind of 14 miles per hour. But, in New
England in those days steam stations were operating at 4 mils. I had
found that discouraging and had felt that for a long time windpower
would be marginal. It seemed to me that under the best of
circumstances wind might possibly carry four percent of the national
electrical load at some time in the distant future. So I left
Beauchamp's house shaking my head in disbelief, and wondering what he
saw on the horizon that I had failed to see.

I realize now some of the dimensions of his wisdom, especially at a
time when technology was not evolving at today's pace. Obviously, he
had had an intuitive feel for the progress of discovery and
invention. If he did not specifically foresee that microprocessors
would follow William Shockley's discovery of the transistor, or that
OPEC would result from aggressive Arab nationalism, he apparently
knew intuitively that there would be some developments which would
improve the chances for windpower.




Edgar Allen Poe obviously had Beauchamp Smith in mind when he coined
his neat paradox: "Wisdom should reckon on the unforeseen."

So, here we are this evening with 81 units in operation, feeding 13.8
MW into high-lines, and with 2100 other units totalling 500 MW under
contract or in negotiation. If the new member of the energy family
is not yet a mature adult, at least we can say that the infant is
struggling to be born. Beauchamp Smith, witnessing the labor pains
from Seal Harbor, has sent us that thoughtful and stirring message
that his grandson, Frank Zirnkilton, has just read. I think this is
very wonderful and that Beauchamp is due a great tribute for his
courage, his vision, and his wisdom.

WIND POWER YESTERDAY

Forty-two years ago we had thought there were two questions that had
to be answered before we could establish wind as an alternative
source of energy.

The first question was, is it possible to convert gusty wind into
alternating current so steadily that it will be acceptable to the
dispatcher of a utility high-1ine? This had never been done. No one
knew if it could be done. I had kind friends who said it couldn't be
done! Second, if it could be done, could the energy be generated at
a cost attractive to a utility?

The first major decision we had to make was, what kind of a windmill
is the right one to test? Vertical axis or horizontal axis? If
vertical, should it be mounted on a track or a pedestal? Should it
be Savonius or Darrieus or one of the others? If horizontal, how
many blades? One, two, three, or more? Should the generator be
aloft or on the ground? Should the drive be mechanical or

hydraulic? Should the tower rotate or be stationary? Examples of
all of these configurations existed in the literature. Some had been
built, but only for the generation of direct current.

Beauchamp Smith and his cousin Burwell reviewed my arguments. They
agreed with my parametric selections, namely, the horizontal axis,
two-bladed configuration, with a mechanically-driven synchronous
generator mounted aloft.

Then came the question: How big shall we make the test unit? Having
selected the parameters, I had made two optimization studies with the
help of Tom Knight, GE's Vice President for New England. The second

study suggested that thc optimum size was close to 2 MW, but that the
envelope was quite flat in the range of 2 to 3 MW.

At first glance, it seemed sensible to try to get only one answer at
a time, and to start out the test with a small unit, say 100 kW. But
I was afraid of this. I felt that harnessing gusty winds to produce
alternating current smoothly could be so difficult that we might get
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a false negative answer from a small unit of low inertia, easily
accelerated. I argued that it was essential to make the experiment
full scale and that this would have the added advantage of giving us
both answers at once. Theodore Von Karman backed me in this, and
Beauchamp picked 1250 kW as being the smallest unit representative of
the optimum range.

Then came the question of site selection. Being sailors, Tom Knight,
Vannevar Bush (then Dean of MIT) and I knew that the roaring forties
were windy, with strong westerly components. New England lay in the
forties. The Green Mountains of Vermont trended north-south.

Without discussion, it was tacit among us that the test site should
lie somewhere in.the Green Mountains.

But specific site selection was quite another matter. In our
innocence, we thought we could look at the profile of a ridge and
say: "This ridge obviously will accelerate the free air flow while
that one won't." Thus, we guessed that Grandpa's Knob would
accelerate the free-air wind by a factor of 1.2. After five years of
observation we concluded Grandpa's had actually retarded the free-air
flow, giving us a factor of 0.9,

Also, in our innocence, we thought that if we tested models of
candidate sites in the wind tunnel, we could obtain precise
information about the wind velocity over a ridge. Even while
proceeding with the selection of Grandpa's Knob, we made four models
of other Green Mountain sites. Over 20,000 measurements were taken
in the Guggenheim wind tunnel at Akron with inexhaustible ingenuity,
under the supervision of Von Karman. Our regretful conclusion, since
confirmed in England by Golding, was that model testing of wind sites
yields no useful information.

We tried every other method we could think of to evaluate quickly
what appeared to be the more attractive sites in New England.

Dr. Karl Lange of Harvard, for example, flew balloons in westerly
winds over a number of the sites, following their trajectories with
range-finders. Because of turbulence, the method proved useless.

In the end, the tool that we discovered to be most useful, short of
actual anemometry, was what I called "quantitative ecology," which I
worked out with the botanist, Dr. Robert Griggs. He and 1 discovered
that the deformations of evergreens by wind, which are easily
observed and hich fall into half a dozen readily identifiable
categories, were good wind prospector's tools. We found it possible
to look at deformed evergreens and say: "At this site the long-term
mean annual velocity at a hub height of 140 feet will be 25 miles per
hour, with a probable error of about 10 percent." However, un%il we
had taught ourselves this new technique, our only recourse was
anemometry, and the constraint of the impending war forced us to
select a site for the test unit without waiting for such measurements.




Wap and field studies had suggested to Hurd Willet that the
four-mile-long Lincoln Ridge should be a powerful site. But it stood
at 4,100 feet, and we were all afraid of icing. It seemed to me that
the experiment was going to be chancy enough, without the challenge
of ice. So I chickened out and joined the opposition to Lincoln
Ridge. Now we know that ice is no probiem.

We sailors thought that our educated guesses of the output at the
2000-ft. Grandpa's Knob were sufficiently reliable to permit the
experiment to proceed. In the end, we obtained only thirty percent
of the output we had predicted. So much for the intuitions of
sailors about specific site selection:

The next major decision was, how to make the blades and of what? We
had several delightful discussions with Frank Caldwell, Chief
Engineer of Hamilton Standard Propeller, but he decided that a
propeller 175 feet in diameter was too much for the then state of his
art.

The Budd Company had been making stainless steel trains and destroyer
superstructures under Dick Heckscher, who volunteered to break new
ground and make up our blades out of stainless, to the aerodynamic
specifications of Von Karman and Homer Joe Stewart.

In 1939 the phony war was already on. Our own eventual entry seemed
1ikely, and American industry was already gearing up for war
production. We felt that if we did not order the long lead time
jtems promptly, we might not get them for many years to come. For
this reason, the entire project was driven at a fairly fast clip
under Bud Wilbur as Chief Engineer, with the assistance of Chris
Holley. By the way, Chris said to my wife yesterday that he's been
going around this conference feeling like Orville Wright.

The Smiths made the decision to proceed with the project in October
1939. Seventeen months later, Stan Dornbirer had erected the unit,
despite a Vermont winter. After some months at slow rotation,
followed by more mounths at speed-no-load, Bill Bagley of GE, on the
evening of 19 October 1941, phased the unit into the lines of the
Central Vermont Public Service Corporation in a.northeast wind
gusting to 25 mph.

Within half an hour, while generating 500 kW, we got the answer to
our first question. We could indeed make gusty winds generate
alternating current smoothly enough to be acceptable to the
dispatcher of the high line. In fact, the operation was so smooth
that Ralph Durgin, the Chief Engineer of Central Vermont Public
Service Corporation, told me later that they took their regulation
from Grandpa's Knob rather thas vice-versa:

Thereafter the unit was operated for several hundred hours under

Grant Voaden's test program until one of the 24-inch main bearings
failed. The failure had nothing to do with windpower in general, or
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with the design of our unit specifically. But, because it occurred
during the war, it took many months to replace. The unit was then
started up again and in all had logged about 1,100 hours of very
smooth operation when we lost a blade.

Many years later I was consoled for the blade loss by Clyde Jones,
who had been Howard Hughes' Chief Engineer in the design of the
Hughes helicopters. He told me that if we hadn't lost the blade
then, we would have been bound to lose it later, because in those
days nobody knew anything about the stress analysis or the fatigue
factors of helicopter rotor hubs. They didn't become reliable until
the mid'fifties.

When 1 consider the elegant computerized structural stress analyses
that today have permitted Hamilton Standard and Boeing and GE and
Westinghouse, for example, to reduce or balance out stresses, thus
reducing weight with confidence, I am somewhat appalled at the blythe
temerity with which we attempted to design our hub in those days. If
I had known then what I have learned since, I would hardly have dared
recommend the project to Beauchamp Smith.

After the war, in the light of five years' experience and of
suggestions from many of the members of the team who are here
tonight, two further sets of optimization studies were carried out
under the direction of Carl Wilcox, working in the offices of the
Budd Company. The final set confirmed the three previous studies and
indicated that the optimum capacity would lie somewhere in a range
between 1.5 and 3.0 megawatts, but with an envelope that was quite
flat at the higher capacities.

Assuming a production run of 100 units, the lowest conceivable
capital cost in 1945 was a very uncertain $100 a kilowatt. Installed
on Lincoln Ridge, where the velocity at hub height was 27 miles an
hour, this would have meant a cost of electricity at the bus of about
5.3 mils a kilowatt hour. But in New England t.en, as i mentioned,
utilities could not afford to pay more than 4 mils for wind energy.

So, we had our two arswers. Yes, we could convert gusty wind energy
into alternating current smoothly enough for the dispatcher of a
high-1ine. No, we could not do so economically.

Beauchamp asked me to write Power from the Wind. And we all then
turned to other things.

WIND POWER TODAY

If NASA's predecessor had held a workshop on windpower 40 years ago,
the Smith-Putnam Team would have been the only attendants. But there
would have been no papers because nobody knew how to write them.




Here we are today attending this workshop, so beautifully organized
by Dave Spera and Joe Savino of NASA and Bob Thresher of Oregon
State. We've now spent two stimulating days discussing 23 papers
concerning the specifics of windpower today. I'11 make no attempt to
summarize all this. Instead I'11 try to look at windpower in the
large, with the fresh eye of someone who has just returned to it
after a long absence.

It's a matter of great satisfaction and some astonishment to observe
that my parametric selections of 40 years ago have stood up. DOE and
NASA have funded parametric studies by GE, Boeing, and others, using
computers. These studies have confirmed my parametric selections
(Fig. 1). Even the computerized optimization studies gave results
that were not dissimilar to ours of 1939 and 1945, The envelope of
the capacity curves is sti1l flat, although the minimum point is
further to the right.

As we all know, the most recent optimization studies by GE, Boeing,
and Hamilton Standard suggest that the optimum capacity today lies
somewhere in the range of 5-7 megawatts (Fig. 1). It has been
explained to me that this shifting of the minimum point of the
envelope to the right has not been the result of fundamental design
changes. It has been in improvements in the past ten years in
computerized structural analysis solidly based on a billion flight
hours of helicopter experience, and backed up by such inspection
techniques as sonic and X-ray examinations. The net result of all of
this has been an ability to greatly reduce the weight per kW.

For example, as shown in Figure 2, our Grandpa‘'s Knob machine weighed
598 pounds per kW. Our pre-production design of 1945 brought this
weight down significantly, to 470 pounds per kW. But, GE's Mod-5A is
now reported at 184, Boeing's Mod-5B8 at 179, and the others are also
under 200 pounds per kW. This paring away of 2/3 of the unit weight
is what has permitted a tripling of the optimum capacity, from a
little over 2 MW to a little over 7. I've also been told that about
7.2 MW, with its associated diameter of 500 feet, is perhaps an
absolute 1imit today. It's as high as we can go with available
bearings.

In 1945, when steel railroad gondolas were selling for 6 cents a
pound, our preproduction unit cost 31 cents F.0.B.--a ratio of 5 to
1. In 1981 gondolas are priced at 59 cents a pound, while the 100th
unit of GE's Mod-5A is quoted at "less than" $2.95 a pound--also a
ratio of 5 to 1. At the other end of the size spectrum, the 25-kW
Carter unit is priced at about $4.00 a pound F.0.B.

These ratios suggest that not many manufacturers of intermediate and

large wind turbines will be tempted to offer their machines at much
over $4.00 a pound, in 1981 money.
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In the final sentence of Power from the Wind, I had said in 1945 that
it would probably take government help to get low-cost production
runs started. Since the oil embargo of 1973, DOE has spent a quarter
of a billion dollars to stimulate windpower. Apart from the splendid
Battelle 12-volume atlas of the Nation's wind resource, and
innumerable studies by such groups as JBF Scientific; Booz, Allen and
Hamilton; Arthur D. Little; EPRI; SERI; and others, the bulk of the
money has gone to fund the production of hardware, looking to the
evolution of a commerc? .t multi-megawatt production unit.

Beginning with NASA's 100-kW Mod-0 at Plum Brook in 1975, continuing
through the Westinghouse 200-kW Mod-0A series at Clayton, Block
Island, Culebra and Kahuku Point on Oahu, through GE's 2.5-MW Mod-1
at Boone, and Boeing's three 2.5-MW Mod-2's for Bonneville Power, we
have just now arrived at the design studies of the first units of the
fourth generation. It is hoped that their tests will show them to be
mature prototypes, and the basis for production designs. They are
the Mod-5's of Boeing and GE, rated up to 7-MW, and the 500-kW of
Westinghouse. Also, in the private sector, there is the WTS-4 of
Hamilton Standard, rated at 4.8 MW. I am told the first unit of this
design should be on line in Sweden in November. And the first WTG
500-kW is in the wings.

In short, the birth of the baby is underway. At this interesting
juncture, the administration has been saying that it must turn out
the hospital lights and send the staff home, leaving the baby to be
weaned while delivery is underway. Can there be a live birth without
further help? I don't know. It remains to be seen whether the
private sector will take up the slack. In the meantime, what can we
say about the infant, from as much as we can see of it? Is it a
healthy specimen?

We still have the same two questions that faced us in 1939, but in
the reverse order. As I will try to show in the next section,
"Windpower Tomorrow", however shaky the transition economics may
appear, the ultimate economics are no longer in doubt. It is now the
technology as perceived by venture capitalists, whose maturity is in
question.

Recently I was talking with the chairman of one of the Fortune 500.
He summed up his view of windpower by telling me that windmills
either blow down or blow up, or, if they work, they are noisy: To
hell with them!

Regrettably, the test record does contain just such episodes, but I
seem to remember that some early airplanes failed and some 